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Abstract 


The present invention relates to a method for 
forming a pixel electrode of a hybrid thin film 
transistor LCD of reflection and penetration and a 
thin film transistor LCD formed by the method* 

According to the present invention, a method for 
forming an entire electrode including a basic 
electrode electrode of source, drain and gate and a 
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pixel electrode on a TFT side substrate of an LCD 
includes; stacking an insulating film on the basic 
electrodes of the formed TFT and forming a contact 
hole by photography and etching, stacking a 
transparent electrode layer and a reflection film 
layer on the insulating film in order, and forming 
a photoresist pattern with a separated reflective 
region and apenetration region using two-step tone 
lithography by photolithography processes: 
removing-etching the transparent electrode layer 
and reflection film layer using the photoresist 
pattern as an etching mask: removing the top of the 
photoresist so that the reflection film layer of 
the penetration region can be exposed by etching 
the photoresist pattern: and etching-removing the 
reflection film layer using the remnant photoresist 
of the reflection region as an etching mask* 

Therefore, a hybrid pixel electrode of a hybrid LCD 
of reflection and penetration can be formed with 
two-step tone lithography without adding separated 
mask processes. 


2004$ 8J526B mm BiM 3mt 


NO. 9889 P. i 0/29 


Representative Drawing 

FIG. 4 

Index 

lithography, tone, reflection, penetration, pixel 
electrode 
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Specification 

Brief Description of the Drawings 

fig. 1 is a side cross-sectional view of each 
pixel of a tft side substrate in an example of a 
hybrid LCD of reflection and penetration, 

fig . 2 is a plane layout view of a pixel of a tft 
side substrate of a hybrid LCD of reflection and 
penetration according to the present invention* 

FIG. 3 through 6 show steps for forming a pixel 
electrode on a TFT side substrate of an LCD in 
accordance with an embodiment of the present 
invention . 

j*S Description of signs of major parts of the 
drawings 

10; pixel electrode 11: TFT side substrate 

12: insulating film 13, 26: transparent 


electrode layer 


15, 27: reflection film layer 


17: 


reflection 


region 


19: penetration region 


21: 


glass substrate 


22: gate insulating film 


23: 


data line 


24: protective film 


28 : 


photoresist 


4 


20 04$ mm bsm 


NO, 9389 P. 12/29 


Detailed Description of the Invention 

Purpose of the Invention 

Technology to which the invention belongs and 
the prior art of the fields 

The present invention is related to a method for 
forming a pixel electrode of an hybrid liquid 
crystal display of reflection and penetration, and 
a liquid crystal display device with the method, 
more particularly, to a method for forming a pixel 
electrode of an hybrid liquid crystal display of 
reflection and penetration of which processes are 
more convenient than conventional processes, and a 
thin film transistor liquid crystal display device 
thereof. 

The importance of an information display device is 
widely known in the development of informative 
society. The rapidly improving field of these 
information display devices is an LCD « Especially, 
a TFT LCD using a thin film transistor for 
adjusting a pixel is widely adapted due to not only 
its specific advantages of LCD such as light 
weight, thinness and low power consumption but also 
high qualities to meet with consumers' requirements 
such as high resolution/ rapid operation speed and 
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coloring* 

A TFT LCD, a representative example of an active 
matrix type, adapts an active non-linear device 
named a transistor for controlling each pixel. 
Contrary to a semiconductor device where a 
transistor is formed on a semiconductor substrate, 
an LCD forms a transistor on a glass substrate and 
has some features. Methods for forming a TFT LCD 
are divided into a top gate type and a bottom gate 
type depending on whether a gate is formed on or 
below a channel, and into an amorphous silicon type 
and an active silicon type depending on whether a 
semiconductor for forming a channel is made of 
amorphous or polysilicon- 

In any event, it is very important to reduce costs 
for forming a transistor which is a major part of 
the entire costs of an LCD with maintaining 
reliability and operational characteristics of the 
transistor* In addition, it is important to reduce 
processes by simplifying the processes and reducing 
the number of processes of high costs to reduce 
costs for forming a transistor. 

The processes for forming a bottom gate type 
amorphous silicon type TFT LCD where a gate is 
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formed on a glass substrate first and then an 
active region of a transistor device is formed with 
amorphous silicon will be described due to 
relatively simple processes • 

According to a conventional technique, a single 
layer or a multiple layer made of glass or chrome 
is stacked, and a gate electrode and a gate line is 
formed using photolithography and etching processes 
(1st mask), A gate pad is formed at an end of a 
gate line. Next, an amorphous silicon layer on 
which a gate insulating film, a channel and a 
source drain region are formed is stacked on the 
gate pattern. Mostly, an Ohmic contact layer is 
stacked on the amorphous silicon layer for reducing 
a resistance due to the contact with source drain 
electrodes. The amorphous silicon layer is doped 
with impurities such as phosphorus and enhances 
electric connection with an electrode metal layer. 

With respect to the continuously formed three 
layered film, a pattern is formed by a 
photolithography and an etching process using a 
photomask which corresponds to an active region 
(2nd mask)* Next, a metal layer for forming a 
source drain electrode is stacked, and a source and 
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a drain electrodes and a data line are formed by a 
mask method (3rd mask)* 

On top of the basic electrode structure of a 
transistor with a source, a gate and a drain is 
formed a protective film. In general, a protective 
film, as a sort of insulating film, is made of 
silicon oxides but can be made as thick organic 
layer, also. After the protective film is stacked, 
an insulating film is removed on a gate pad, the 
pad of a data line and a source electrode and a 
contact is formed, thereby preparing the contact to 
an external electrode or a pixel electrode. The 
processes for partially removing the insulating 
layer are performed by photolithography and etching 
processes (4th mask). 

On top of the protective layer, a pixel electrode 
is also formed by a mask process. In the reflection 
type liquid crystal display device, a pixel 
electrode is formed on the most part of the pixel 
by stacking aluminum with sputtering and through 
photolithography and etching processes, and is 
electrically connected to source electrodes of a 
transistor via contacts and used as a role of a 
reflection plate. 
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Furthermore, a pixel electrode of a backlight type 
or a penetration type LCD is formed as a 
transparent ITO(Indium Tin Oxide), IZO(Indium Zinc 
Oxide) etc., because a light is transmitted to the 
eyes of the user through pixel electrodes (5th 
mask) . 

Besides the basic five mask processes, a method for 
manufacturing a liquid crystal display device can 
be variously transformed in accordance with the 
number of process masks and the structure of a 
transistor . 

In the meantime, one classification of an LCD is a 
method to divide an LCD into a reflection LCD and a 
penetration LCD . The reflection type places a 
reflection plate inside of a panel and displays an 
image by reflecting an external light but the 
penetration type places a backlight or a separate 
light source behind a panel and displays an image 
by controlling an array of liquid crystal so that 
the light of this light source can penetrate the 
panel or not. A reflection type has been widely 
adapted in the machines for minimizing power 
consumption such as a watch or a calculator, but a 
penetration type is adapted in a TFT LCD, 
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especially in a portable computer where a wide view 
and high quality image displays are required, in 
general . 

According to a current tendency, a reflection type 
is adapted in a portable computer of which wide 
view and high quality image displays are required 
in order to reduce power consumption and utilizing 
an external light. In addition, a hybrid LCD of 
reflection and penetration which has advantages of 
both types was introduced by an LCD manufacturer, 
Sharp inc., for obtaining an appropriate 
reliability for the environment in spite of changes 
of the surrounded light intensity. 

The above-mentioned hybrid LCD of reflection and 
penetration includes forming a pixel electrode 
pattern as a transparent electrode layer (13) when 
forming the pixel electrode (10) on an insulating 
layer during the processes for forming an electrode 
of the existing TFT side substrate (11), forming a 
reflection film layer (15) or a metal layer made of 
aluminum, chrome, etc on the transparent electrode 
layer (13) by sputtering, and forming a reflection 
film layer pattern by a mask process, namely a 
photolithography and etching. 
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Through this method, on top of the insulating layer 
(12), there exist three divided regions, in other 
words, a pixel electrode outer region where a pixel 
electrode including a reflection film layer or a 
transparent electrode layer does not exist, a 
penetration region (17) where only transparent 
electrode remains, and a reflection region (19) 
where a reflection film remains on the transparent 
layer. FIG.l is a side cross-sectional view of each 
pixel of a TFT side substrate in an embodiment of a 
hybrid LCD of reflection and penetration. 

However, according to the conventional 

manufacturing methods, the hybrid LCD of reflection 
and penetration has a disadvantage of requiring one 
more mask process comparing to the conventional 
simple reflection LCD or penetration LCD, and 
increasing the manufacturing costs* 

Technical objects to be achieved in the 
invention 

The present invention is directed to provide a 
hybrid thin film transistor LCD of reflection and 
penetration including a pixel electrode and having 
the advantages of a reflection type and a 
penetration type, and a method for forming an 
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improved hybrid LCD of reflection and penetration 
to overcome the problem of requiring one more 
photolithography and etching process than a simple 
reflection or penetration type LCD in manufacturing 
a pixel electrode. 

Configuration and operation of the Invention 

To achieve the above objects, a method for forming 
a pixel electrode of hybrid LCD according to the 
present invention includes, for forming an 
electrode including a tft on a TFT side substrate 
of an LCD and pixel electrode; stacking an 
insulating film on the electrodes of the formed TFT 
and forming a contact hole by photography and 
etching; stacking a transparent electrode layer and 
a reflection film layer on the insulating layer in 
order, and forming a photoresist pattern with a 
thick reflective region and a thin penetration 
region using two-step tone lithography by 
photolithography processes: removing-etching the 
transparent electrode layer and reflection film 
layer using the photoresist pattern as an etching 
mask: removing the top of the photoresist by wholly 
etching the top of the photoresist so that the 
reflection film layer of the penetration region in 
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the photoresist pattern can be exposed: and 
removing-etching the reflection film layer using 
the remaining photoresist of the reflective region 
as an etching mask. 

In addition, to achieve the above objects, a thin 
film transistor LCD device according to the present 
invention includes; stacking a transparent 
electrode layer and a reflection film layer in 
order on a substrate in the state of basic 
structure with a source, drain and a gates forming 
a photoresist patter divided into three phases 
using a lithography mask having three kinds of 
transmittance by regions in a photolithography 
process: and proceeding with etching using a 
photoresist pattern divided into three phases, and 
is characterized by that a pixel electrode where 
the size of the region covered by the transparent 
electrode layer is different from that of the 
reflection film layer* 

A two-step tone lithography method according to the 
present invention includes using diffraction by 
forming a region to be exposed in a middle tone by 
a plurality of slits (diffraction grating) and 
using a translucent tone by adjusting transparency. 
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In the meantime, it is desirable to leave a 
transparent electrode layer as a capping layer on a 
pad unit such as a gate pad in the light of 
reliability of electric connection with a pad unit 
according to the present invention, therefore it is 
desirable to consider the pad unit as a penetration 
region and form a photoresist pattern. 

In addition, an aperture ratio of a display should 
be considered when forming a divided penetration 
region and a reflection region in a pixel electrode 
according to the present invention. In other words, 
it is possible to increase an aperture ratio by 
forming a pixel electrode where some edges are 
overlapped by opaque regions such as a data line 
and a gate line, forming the center portion of a 
pixel unit as a penetration region, and forming 
edges as a reflection region. 

The present invention will be described in 
embodiments with reference to the accompanying 
drawings . 

Figs, 3 through 6 show steps for forming a pixel 
electrode on a TFT side substrate in accordance 
with an embodiment of the present invention. 

Fig, 3 shows a cross-section of a portion marked 

* 
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with dotted line of Pig. 1, and data lines (23) are 
formed at both sides in the state that a gate 
insulating film (22) is stacked on a glass 
substrate (21), and a protective film (24) is 
formed, and a transparent electrode layer (26) and 
a reflective film layer (27) are stacked on the 
protective film and then the photoresist is covered 
in the view. Contrary to the conventional art, a 
transparent electrode layer (26) and the reflection 
film layer (27) are sequentially stacked. The 
transparent electrode layer is deposited by 
sputtering itO with a thickness of 300 A through 
1000 A , and the reflection film layer is stacked by 
sputtering aluminum or chrome with a thickness of 
more than 1000 A. The photoresist is covered with a 
thickness of more than 1.91m. Both positive and 
negative photo resists can be used but a positive 
photoresist is adapted in the method. 

Fig* 4 shows that a photoresist patter is formed by 
two-step tone lithography and developments in the 
state of Fig. 3. The formed photoresist pattern 
includes a middle portion exposed in a middle tone 
of the two tones, an upper portion with 0.51m after 
almost were removed during developments, and both 
sides with the entire thickness because they belong 

15 


2 00 4^ 8^263 17«0fl BiM 


NO. 9889 P. 23/29 


to dark patterns of a mask. However, the interface 
portion is slightly cut due to the influence of 
diffraction of a light at the transparent portions 
of a mask. 

The photoresist of both ends was removed. This is 
for electrically separating each pixel electrode 
from neighboring pixel electrodes in the next step 
by removing the transparent electrode layer and the 
reflection film layer. This separation is performed 
in an opaque region where a metal layer such as a 
gate line or a data line is stacked, thereby 
preventing an aperture ratio from decreasing by 
overlapping a penetration region with the opaque 
regions . 

Fig. 5 shows a photoresist of which thickness 
become reduced and the reflection film layer is 
exposed by removing a conductive layer at both 
ends, namely the transparent electrode layer and 
the reflection film layer in the state of Fig. 4 by 
etching, completely removing the slightly remaining 
photoresist by etching to the photoresist again. 
The etching to a photoresist usually refers to a 
process of ashing, where a photoresist is removed 
by providing an etching chamber with an oxygen 
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atom, thereby forming a plasma, and a photoresist 
of organic elements are emitted in a gas by 
reacting to an oxygen- In this method, the 
photoresist is removed from the upper portion by 
anisotropic etching and the entire thickness is 
decreased. 

Fig. 6 represents the steps for removing a 
reflection film layer by etching using the 
remaining photoresist pattern in the state of Fig. 
5 as an etching mask and stripping the photoresist. 
Due to a plurality of etchants having different 
etch selectivities in the ITO of the transparent 
electrode layer and the reflection film layer made 
of aluminum or chrome, it is possible to remove 
only the reflection film layer by adequately 
controlling time and the environment. The center of 
the figure leaves only a transparent electrode and 
forms a penetration region* The reflection regions 
protected by a photoresist still have the 
reflection film and forms surroundings of a pixel 
region* Some of the regions are designed to be 
overlapped with opaque regions such as a data line 
or gate line. The overlapping does not make effects 
to the functions of the reflection film, results in 
increasing an aperture ratio when a reflection mode 
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is used by widening the region of the reflection 
film. 

Fig. 2 is a plane layout view from a pixel of a tft 
side substrate of a hybrid LCD of reflection and 
penetration. The plane layout view of an LCD TFT 
side substrate obtained through Figs. 3 through 6 
is the same as that of Fig. 2. The reflection film 
layer is not identical with the transparent 
electrode layer, and the size of the reflection 
film layer becomes different from that of the 
transparent electrode layer. Therefore, the center 
of a pixel unit becomes a penetration region 
including only transparent electrode layer, and the 
edges are surrounded by the reflection film layer. 

Effects of the Invention 

According to the present invention, it is possible 
to form a hybrid pixel electrode of a hybrid LCD of 
reflection and penetration using two-step tone 
lithography without adding separated masks* 
Therefore, an LCD of hybrid with reflection and 
penetration having advantages of both types can be 
manufactured without additional manufacture costs. 
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(57; Miat is claimed 
Claim 1 

A method for forming a pixel electrode of hybrid 
liquid crystal display device of reflection and 
penetration on a TFT side substrate, the method 
comprising; 

stacking a sulating film on the electrodes of the 
formed TFT and forming a contact hole by 
photolithography and etching; 

stacking a transparent electrode layer and a 
reflection film layer on the insulating layer in 
order, and forming a photoresist pattern with a 
thick reflective region and a thin penetration 
region using two-step tone lithography by 
photolithography processes ; 

removing-etching the transparent electrode layer 
and reflection film layer using the photoresist 
pattern as etching mask; 

removing the top of the photoresist by wholly 
etching so that the reflection film layer of the 
penetration region in the photoresist pattern can 
be exposed; and 

removing-etching the reflection film layer using 
the remaining photoresist of the reflective region 
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as an etching mask. . 
Claim 2 

The method of claim 1, wherein the two-step tone 
lithography is characterized by that the region to 
be exposed in a middle tone is formed with a 
plurality of slits and the diffraction of slits are 
utilized when the photomask is used. 

Claim 3 

The method of claim 1, wherein the pixel electrode 
is formed so that some edges are overlapped with 
data and gate signal lines and the overlapping 
edges are included in the reflection regions. 

Claim 4 

The method of claim 3, wherein the reflection 
regions are formed to surround the penetration 
region . 

Claim 5 

The method of claim 4, wherein the second step 
photolithography is exposed in a middle tone so 
that the transparent electrode layer remains as a 
capping layer on the pad metal in the pad unit. 
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Claim 6 

The method of claims 1, 2 or 3 , wherein the second 
step photolithography is exposed in a middle tone 
so that the transparent electrode layer remains as 
a capping layer on the pad metal in the pad unit. 

Claim 7 

A thin film transistor liquid crystal display 
device, wherein the device includes a pixel 
electrode having differently formed regions covered 
the transparent electrode layer and the reflection 
film layer respectively, through the steps of; 
stacking a transparent electrode layer and a 
reflection film layer in order on a substrate: 
forming a photoresist pattern divided into three 
phases using a lithography mask having three kinds 
of transmittance by regions in a photolithography 
process : 

proceeding with etching using a photoresist pattern 
which is divided into the three phases. 

Claim 8 

The device of claim 7, wherein the step for forming 
a photoresist pattern which is divided into three 
phases adapts two-step tone lithography for 
performing lithography with a photomask having a 
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region with three kinds of transparency, and a 
plurality of slits are formed in the middle tone 
region of the photomask to use its diffraction. 

Claim 9 

The device of claim 7 or 8, wherein the region 
which is covered by the reflection film layer of 
each pixel is partially overlapped by the data and 
gate signal lines. 

Claim 10 

The device of claim 9, wherein the region which is 
covered by the reflection film layer is formed to 
surround the transparent electrode layer. 
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